The relationship between Plasmodium falciparum gametocytemia and the complement components C3, C4, and C3b was investigated in 141 ambulant rural Nigerian school children. Three groups were studied. Group 1 included 42 children with circulating P. falciparum gametocytemia in which the mean titers of C3, C4, and C3b were 145.4 ± 22.6 mg/100 ml (72%), 60.5 ± 0.2 mg/100 ml (149%), and 64.0 ± 5.9 mg/liter (65%), respectively. These findings indicated marked C3b hypocomplementemia. Group 2 included 50 children who were used as controls and lacked malaria parasitemia. C3, C4, and C3b mean titers were 161.6 ± 28.9 mg/100 ml (80%), 56.8 ± 2.07 mg/100 ml (140%), and 84.8 ± 11.4 mg/liter (86%), respectively. Group 3 included 49 children with other blood stages of P. falciparum parasitemia but no gametocytes. C3, C4, and C3b mean titers in this group were 103.0 mg/100 ml (51%), 18.3 ± 1.2 mg/100 ml (45%), and 90.7 mg/liter (92%), respectively. Our findings suggest that C3b hypocomplementemia may be related to the advent of circulating P. falciparum gametocytes in children. We also confirmed C3 and C4 hypocomplementemia in acute human malaria. The implication of our findings in relation to neat in vitro culture of P. falciparum gametocytes or total inhibition of gametocytogenesis in malaria control is stili speculative.
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Hypocomplementemia has always been associated with experimental malaria. Monkeys infected with Plasmodium knowlesi have depressed total hemolytic complement levels. Hypocomplementemia was first associated with merozoite release, and in the terminal stage of the infection, a marked fall precedes death (6, 8 host but not into another; (iv) anti-malarial treatment (it has been suggested that several anti-malarial drugs may increase gametocyte production); (y) culture conditions (the TragerJenson culture system produced gametocytes consistently) (4, 12) ; and (vi) physiological condition and age of the host (2) . Because any factor that inhibits gametocytemia may totally affect the further transmission of malaria, we were interested in the physical and biochemical factors that may elucidate the pathophysiology of gametocytogenesis, gametocytemia, and gametocyte maturation. 
RESULTS
The results of the survey are summarized in Table 1. C3. In children with P. falciparum gametocytemia (group 1), the mean titer of C3 was 72 ± 11.2%, which is expressed in absolute values as 145.4 ± 22.6 mg/100 ml (Fig. 1) . The range was between 56 and 86% (113.1 to 173.7 mg/100 ml). The median was 70% (141 mg/100 ml). The C3 titer in this group was not related to parasitemia because the mean parasite rate was 0.5%. The findings were also unrelated to the sex and age of the children.
The control children in group 2 had a mean C3 titer of 80 ± 14.3% (161.6 ± 28.9 mg/100 ml) (Fig. 1) . The median (79% [159.6 mg/100 ml]) almost corresponded to the mean, and the range was between 64 and 100% (129.3 to 202.0 mg/100 ml). None of the children in this group showed J. CLIN. MICROBIOL. any parasites in three consecutive blood films.
The children in group 3 (those children with other stages of P. falciparum parasitemia but no gametocytes) had a mean C3 titer of 51% (103.0 mg/100 ml) (Fig. 1) , with a range between 39 and 65% (78.8 to 131.3 mg/100 ml). The mean tallied with the median. The mean parasite count was 3.5%, and severe C3 hypocomplementemia (lower than 50% of the local standard) was associated with the higher parasite count. A total of 26 children in this group had C3 titers below 50% (101 mg/100 ml). The findings were unrelated to the sex and age of the children.
C4. The C4 titer (Fig. 2) showed a wide scatter in group 1 children. The mean titer was 149 0.5% (60.5 ± 0.2 mg/100 ml), and the range was between 77 and 214% (31.3 to 86.9 mg/100 ml). In group 2 children, the mean C4 titer was 140 ± 5.1% (56.8 ± 2.07 mg/100 ml), and the range was between 82 and 197% (33.3 to 80.0 mg/100 ml). In Group 3 children, the mean C4 titer was 45 ± 2.9% (18.3 ± 1.2 mg/100 ml), and the range was between 31 and 80% (12.6 to 32.5 mg/100 ml). According to Student's t test, the mean titers for children in groups 1 and 2 were statistically significant (P < 0.002) as compared with those for children in group 3.
C3b. The children in group 1 (those with P. falciparum gametocytemia) had a mean C3b titer of 65 ± 0.6% (64.0 ± 5.9 mg/liter) (Fig. 3) . The mean C3b titers for children in groups 2 (control children without malaria parasitemia) and 3 (children with other blood stages of P. falciparum parasitemia but no gametocytes) were 86 ± 11.6% (84.8 ± 11.4 mg/liter) and 92% (90.7 mg/liter), respectively (Fig. 3) . The mean titer of C3b for children in group 1 as compared with those for children in groups 2 and 3 showed 
DISCUSSION
Our findings strongly suggest that a lowered C3b titer is associated with P. falciparum gametocytemia. However, the design of our study could not provide any insight into which occurs first, the C3b hypocomplementemia or the P. falciparum gametocytemia. In addition, there may be another age-related factor or factors which trigger both or each of our findings. It is well documented that P. falciparum gametocytemia occurs more commonly in children than in adults (2). We used a microplate enzymelinked immunosorbent assay to measure P. falciparum immunoglobulin G antibodies in sera from these groups of children and found no correlation with gametocytemia, although agerelated differences were shown (Ade-Serrano and Adadevoh, manuscript in preparation). We have further confirmed that in humans, P. falciparum infection depresses complement factors. Srichaikul et al. (13) showed that total hemolytic complement activity was depressed in human malaria. Brueton and Greenwood (3) reported low C3, C4, and Clq levels and normal glycine-rich beta-glycoprotein levels in children with acute P. falciparum malaria. These authors did not relate their findings to protein energy malnutrition, which depresses both C3 and C4 components (9) and C4 levels occurs with recovery, irrespective of treatment, because gametocytemia is induced and appears in the peripheral blood about 7 to 12 days after the asexual parasites are first seen or, more tenuously, that the induction of gametocytogenesis and the resulting gametocytemia induce greater resistance or abort an infection. This is in keeping with the concept of a successful parasite being more concerned with further transmission of itself than with killing its host. Gametocytemia, unlike schizontemia, is also associated with a lower parasite density (Ade-Serrano et al., in press) and a more negligible effect on host immunity (2) .
Although our findings confirmed C3 and C4 hypocomplementemia, we found almost normal titers of C3b in our group 3 children who had acute malarial infection. Although our findings are single determinations in a complex, possibly constantly changing milieu, they may aid us in carrying out a further group of experiments, which will include the following: (i) serial determination of C3b titers in children with P. falciparum malaria until gametocytes appear in the spleen or the peripheral blood or both; (ii) relationship of these findings to types and titers of circulating specific immune complexes; (iii) in vitro culture of P. falciparum by a modification of the Trager-Jensen method (feeding parasites with human serum depleted of different serum factors, including C3b, and checking the rate and maturation of resulting gametocytes); (iv) study of the changes on maturing erythrocyte surfaces containing young gametocytes to check whether these surface changes are related to complement receptors or HLA surface antigens (11) .
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